A reverse-phase ultra-high-performance liquid chromatography (u-HPLC) method was developed for the rapid quantification of 22 ginsenosides in ginseng products. The proposed method for the analysis of ginsenosides is based on a heating-block method without further treatment. The u-HPLC separation was performed on a reversed C18 column (100 3 2 mm id, particle size 2 mm) followed by ultraviolet detection at 203 nm. Aqueous 50% methanol was used as the extraction solvent. The optimum amount of extraction solvent and the optimum extraction time were 20 mL and 20 min (extracted twice with 10 mL), respectively. The method validation parameters yielded good results for linearity, precision, accuracy and recovery. The recovery of ginsenosides from ginseng powder was greater than 98.1% and the limits of detection and quantification of the u-HPLC analysis were >0.6 and >1.8 mg/kg for ginsenosides. The calibration graphs for ginsenosides were linear from approximately 2.6 to 40.4 mg/kg for u-HPLC. The inter-day and intra-day precisions (relative standard deviation values) were <14.6 and 14.
Introduction
Ginseng, a medical herb, has long been used to maintain physical vitality throughout far-Eastern countries, including Korea, China and Japan. Carl Anton Meyer, a Russian botanist, named it Panax ginseng in 1843, and the genus name Panax means "cure all" in Greek (1) . The major components of ginseng are carbohydrates such as starch, polysaccharides and cellulose (60-70%) (2 -4) . However, it also contains various compounds unique to ginseng, such as ginsenosides, polyacetylenes, antioxidative aromatic compounds and gomisins (gomisin-N, -A), which protect the liver (5-7), and acidic peptides that behave similar to insulin (8 -11) . Ginseng saponins, which are known to be some of the major effective compounds in ginseng, are called ginsenosides. Compared to saponins found in other plants, those found in ginseng exhibit significantly different chemical structures and also induce different effects. Through modern analytical technology, chemical structures of 30 ginseng saponins have been identified in ginseng thus far. Based on their chemical structures, ginseng saponins have been classified into three groups: protopanaxadiol (PPD), protopanaxatriol (PPT) and oleanane (1, 4) .
A few studies on the analysis of ginsenosides in ginseng have been reported. Soxhlet extraction, ultrasonic extraction, base hydrolysis, refluxing extraction and shaking extraction methods have been used to extract ginsenosides from ginseng with aqueous methanol/ethanol solutions as the extracting solvent (12) (13) (14) (15) (16) (17) . Solid-phase extraction has been used to remove interferences. In general, high-performance liquid chromatography (HPLC) has typically been used to separate and determine the concentrations of ginsenosides. Ultraviolet (UV), refractive index (RI) and evaporative light scattering (ELS) detection methods have been commonly used for the detection of ginsenosides (18 -25) .
Recently, ultra-HPLC (u-HPLC) coupled with mass spectrometry (MS) has been adopted in many areas of food and biological analyses because it is rapid and provides excellent separation. u-HPLC is known to be economical and environmentally friendly due to its extremely rapid analysis. Because of its fast analysis, the consumption of solvent for the mobile phase can be reduced 5-to 10-fold compared with conventional HPLC (26 -29) .
this study attempted to establish a simple and effective method for the determination of the concentration of ginsenosides in ginseng and ginseng products using u-HPLC coupled with a heating-block method. For the rapid analyses, sample preparation and separation were the two important aspects that were considered. To develop a rapid method of sample preparation, the ability of sample preparation methods to remove interferences was evaluated. The evaluated methods included refluxing extraction, solid-phase extraction (SPE), Soxhlet extraction and heating-block extraction. For the effective separation by chromatography, a short-length or middlelength column was used to reduce the total running time.
Experimental

Apparatus
The ultra-HPLC system consisted of a LaChromUltra L-2000 U-Series apparatus (Hitachi-High Technologies, Japan), which included the following: an eluant reservoir, an HPLC pump (L-2160U), an autoinjection system (L-2200U) with a fixed injection volume of 5 mL, and an ultraviolet detector (L-2400U) set to detect at 203 nm. Two different columns were used to analyze ginsenosides: a LaChromUltra C18 short-length column (2 mm i.d. Â 50 mm L, 2 mm; Hitachi-High Technologies) and a LaChromUltra C18 middle-length column (2 mm i.d. Â 100 mm L, 2 mm; Hitachi-High Technologies).
The gradient was prepared by mixing 20% acetonitrile (solvent A) and 80% acetonitrile (solvent B). The gradient profile for the separation of the ginsenosides by u-HPLC was 100% A -0% B (0 min), which was maintained for 10 min. The gradient profile was subsequently changed linearly to 25% B in 30 min, 70% B in 10 min, 100% B in 30 min and returned to 0% B in 5 min, which was then maintained for 5 min. The flow rate in the u-HPLC was 0.2 mL/min for the short-length column and 0.3 mL/min for the middle-length column. The temperature of the analytical column was maintained at 308C.
Reagents
The ginsenosides Rg1, Re, Rf, Rh1(S), Rg2(S), Rg2(R), Rh1(R), Rb1, Rc, F1, Rb2, Rb3, Rd, F2, Rg3(S), Rg3(R), PPT(S), PPT(R), compound K, Rh2(S), Rh2(R) and PPD (Felton Natural Products, Chengdu, P.R. China) were used. The purity of all reference standards was higher than 98%, except PPT(R), which was 90.5%. Stock standard methanolic solutions of ginsenosides at concentrations of 800 -1,000 mg/L were prepared. These solutions were stored in glass bottles at 48C. Working ginsenoside mixtures were prepared by dilution of the stock standard solutions with methanol, depending on the sensitivity of the UV detector to each ginsenoside. Ninety-five percent ethanol (ACS reagent grade), acetonitrile (chromatographic grade) and acetic acid (ACS reagent grade) were used. All solvents were of chromatographic or HPLC grade, and other reagents were ACS reagent grade. The water was purified with a Milli-Q system (Millipore, Bedford, MA).
Test samples
Raw ginseng root, dried ginseng, ginseng tablet and red ginseng extract samples were purchased from a retail store in Seongnam City, Gyeonggi Province, Republic of Korea. On receipt, samples were stored at below 48C in an airtight container before analysis. The samples were mixed thoroughly to create a homogeneous mixture.
Sample preparation
Raw ginseng root samples were washed with tap water to remove impurities on the surface of the ginseng roots and then dried to remove the moisture from their surface. The roots were then chopped into small pieces. One hundred grams of the chopped roots were ground in a grinder (Super Grinder, JL-1000, Hibell, Korea) for the analysis. Dried ginseng samples and ginseng tablets were ground in a grinder (Super Grinder, JL-1000) to pass a 40-mesh screen. A portion of the red ginseng extract sample was taken without any pretreatment.
Extraction of ginsenosides from the samples
Refluxing extraction
One gram of ground ginseng powder was placed into a 250 mL Erlenmeyer flask and 70 mL of 50% aqueous methanol was added. The mixture was refluxed for 1 h at 808C. The extraction was repeated two additional times, and the combined extracts were concentrated in vacuo at a temperature less than 608C. The residue was dissolved in 25 mL of 20% aqueous acetonitrile solution, filtered through a 0.20 mm PTFE membrane (SRP 15, Sartorius, Japan), and analyzed.
Solid phase extraction
One gram of ginseng powder was placed into a 250 mL Erlenmeyer flask and 70 mL of 50% aqueous methanol was added. The mixture was refluxed for 1 h at 808C. The extraction was repeated two additional times, and the combined extracts were concentrated in vacuo at a temperature less than 608C. The residue was dissolved in 25 mL of 20% aqueous acetonitrile solution and filtered through a 0.20-mm PTFE membrane (SRP 15, Sartorius). The solution (0.5 mL) was loaded onto a preconditioned SPE Sep-Pak Vac C18 cartridge (12 cc, 2 g; Waters, Iceland). The cartridge was placed in a 10 mL syringe, cleaned with 5 mL of methanol and then preconditioned with 20 mL of water. The sample solution was applied to the SPE cartridge, which was subsequently washed with 20 mL of water and then washed with 15 mL of 30% methanol. The ginsenosides were then slowly eluted using 5 mL of methanol. The eluted solution was filtered through a 0.20 mm PTFE membrane (SRP 15, Sartorius), and subjected to u-HPLC analysis.
Soxhlet extraction A total of 1.0 g of ginseng powder was placed in a thimble for Soxhlet extraction and extracted at 908C for 16 h with 100 mL of 100% methanol. When the extraction was completed, the mixture was allowed to stand and cool to room temperature. The extract was concentrated in vacuo at 608C, then dissolved in 20 mL of 50% aqueous acetonitrile, filtered through a 0.20 mm PTFE membrane (SRP 15, Sartorius), and subjected to u-HPLC analysis.
Heating-block extraction A portion of ginseng powder and ginseng products (100 -500 mg) were dissolved with 10 mL of 50% aqueous methanol in a 20 mL vial. The ginsenosides were then extracted at 808C for a given period of time (10, 20 or 30 min) on a heating block. The extract was gently decanted into a 25 mL volumetric flask. The extraction process was performed a second time. All of the extracts were combined in the 25 mL volumetric flask, and 50% aqueous methanol was added to bring the flask to its final volume. The extracts were filtered through a 0.20 mm syringe filter into a sample vial for u-HPLC injection.
Calibration graphs
Calibration graphs for u-HPLC were based on the peak areas obtained after injection of 5 mL of ginsenoside solutions at four concentration levels, depending on the UV sensitivity in the range of 2.6 -40.4 mg/kg. The solutions were prepared through the dilution of ginsenoside stock solutions with 100% methanol, depending on the concentration of the standardized ginsenoside stock solutions.
Statistical analysis
The recovery experiments were performed at intra-day (n ¼ 12) and inter-day (n ¼ 3) intervals, and the results were expressed as the mean + standard deviation (SD). Comparisons of extraction efficiency of ginsenosides in ginseng powder were analyzed as a one-way analysis of variance (ANOVA). The program used for statistical calculations was SPSS 13.0 for Windows (Lead Tools, Lead Technologies, Charlotte, NC).
Results and Discussion
Separation of ginsenosides in ginseng using u-HPLC Figure 1 shows typical chromatograms for the analysis of 22 of ginsenoside standards and red ginseng extract using the 100 mm C18 column under optimized instrument conditions. The optimization of the mobile phase led to a satisfactory resolution. Although the use of the 100 mm column resulted in better separation using u-HPLC, the retention times of the ginsenosides were similar to those obtained with the 50 mm column, and the 50 mm column can be used in routine analyses. The resolution of ginsenosides by u-HPLC with a 100 mm column appeared to be sufficient to separate 22 ginsenosides for the quantification.
Evaluation of the sample preparation method
The effect of the sample preparation method on the extraction efficiency of ginsenosides from ginseng powder using the 50-mm column was evaluated and found to be suitable for routine analyses. Because of the different concentrations of ginsenosides in ginseng, Rg 1 , Re, Rf, Rh 1 (S), Rg 2 (S), Rg 2 (R) þ Rh 1 (R) (mixture as two analytes), Rb 1 , Rc, Rb 2 , Rb 3 and Rd were selected as target compounds to compare the extraction efficiencies of the various sample preparation techniques. First, ginsenosides were extracted twice with 70 mL of 50% methanol at 808C and then injected the sample solution into the u-HPLC without any purification procedures to confirm the impurities in ginseng. Many impurities in ginseng were eluted at the beginning of the injection. However, when ginsenosides in ginseng were eluted, few impurities were co-eluted with the target ginsenosides. To remove the impurities, we employed the SPE clean-up procedures. The sample clean-up step did not appear to significantly remove the impurities from the ginsenosides. The Soxhlet method was applied to effectively extract ginsenosides; however, the extraction efficiency of the Soxhlet method was not as effective as the refluxing method in the extraction of Rg 1 , Re, Rf, Rb 1 , Rc, Rb 2 , Rb 3 and Rd. Table I presents a comparison of the results of the extraction efficiencies of the various sample preparation methods. Three kinds of sample preparation methods were evaluated: refluxing, SPE and Soxhlet extracts. Among the three kinds of preparations, refluxing extraction was the most efficient in the extraction of all ginsenosides, followed by the SPE and Soxhlet methods, in decreasing order of effectiveness (Table I) .
Evaluation of the heating-block method
Extraction time A comparison of the extraction efficiencies as a function of the extraction time was evaluated; the results are shown in Table II . Based on the results obtained using the refluxing method as a control, the heating-block method exhibits no significant difference. The extraction times were set to 10, 20 or 30 min. Based on ANOVA results, the F-ratio and F-critical value of the extraction method were 0.007 and 2.839, which indicates that no significant difference in the extraction efficiency was observed among the extraction conditions at a significant level of 0.05. Therefore, there was no significant difference between the extraction times of 10, 20 or 30 min, and the extractions were mostly completed within 20 min (Table II) .
Comparison of extraction efficiencies by sample amounts
The sample amount is sometimes an important parameter with respect to the extraction efficiency, because the extraction Values represent the mean of analyses + SD. As described in the text, the chromatographic separation was performed on a short-length C18 column (2 mm i.d. Â 50 mm L, particle size 2 mm; Hitachi-High Technologies).
Determination of 22 Ginsenosides in Ginseng Products using Ultra-High-Performance Liquid Chromatography 357 efficiency can be affected by the ratio between the sample amount and the amount of extracting solvent. Four different sample amounts were used to compare the extraction efficiency using the heating-block method: 0.1, 0.2, 0.25 and 0.5 g, as shown in Table III . Based on the ANOVA results, the F-ratio of the sample amount was 0.007, and its F-critical value was 2.839, which indicates that no significant difference among the sample amounts was observed at a significance level of 0.05, as illustrated in Table III . Therefore, the optimum sample amount was 0.2 g based on the consideration of homogeneity and the ease of sample handling (Table III) .
Method validation
Linearity, limit of detection and limit of quantification To determine the linearity, four different concentrations of ginsenosides were selected in a working range from 2.6 to 40.4 mg/mL for the 22 ginsenosides and analyzed using a u-HPLC method. Each solution was injected three times, and the average values of triplicate analyses are presented in Table IV . Regression analysis revealed a good correlation coefficient (r 2 . 0.99), as shown in the table. For the determination of the linearity of individual ginsenosides, the sensitivity was calculated using the four concentrations of the standard described previously, depending on the UV sensitivity, and the results are presented in Table IV . The limit of detection (LOD) and limit of quantification (LOQ) values for the method were estimated at SD/b ratios of 3 and 10, where SD and b represent the standard deviation of the intercept and the slope of the regression line, respectively. The LODs ranged from 0.6 mg/kg for Rb 2 and Rg 3 (S) to 1.2 mg/kg for PPT(S) and PPD. The LOQs ranged from 1.8 mg/kg for Rg 3 (S) to 3.7 mg/kg for PPT(S) ( Table IV) . *Note: Values represent the mean of analyses + SD. Twenty milliliters of 50% methanol was used to extract ginsenosides for the dried ginseng powder. The chromatographic separation was performed on a short-length C18 column (2 mm i.d. Â 50 mm L, particle size 2 mm; Hitachi-High Technologies). † The tabulated value of the F-test at P ¼ 0.05 among items is shown in parentheses. 
Precision and accuracy
The precision and accuracy data were compared for the ginsenosides in ginseng powder for u-HPLC analysis, as illustrated in Table V . Intra-day (n ¼ 12) and inter-day (n ¼ 3) repeatability tests for precision were performed on the 12 ginsenosides in ginseng powder. The relative standard deviations (RSDs) for intra-day and inter-day repeatability are presented in the table. The RSDs for the intra-day and inter-day repeatability were less than 14.6 and 14.7%, except for the mixture of Rg 2 (R) and Rh 1 (R), which showed RSDs of 18.0 and 24.2%, respectively.
To study the accuracy of the heating-block method, recovery experiments were performed using a standard addition method. The recovery of the standard that was added to the assay samples was calculated using the following equation:
Recovery (%) ¼ [(C t -C u )/C a ] Â 100 where C t is the total concentration of the analyte found, C u is the concentration of the analyte present in the original ginseng powder and C a is the concentration of the pure analyte added to the ginseng powder. To obtain the accuracy data, six ginsenosides were selected: Rg 1 , Re, Rf, Rb 1 , Rc and Rb 2 , because the concentrations of ginsenosides in ginseng powder exhibited an excessively broad range between ginsenosides. Therefore, three different concentrations were added to the ginsenosides based on the initial concentration of ginsenosides in ginseng powder. Most of the recovery ratios were greater than 98.1% for Re, as shown in Table VI .
Analyses of real samples
The proposed method based on u-HPLC was used to determine 22 ginsenosides in ginseng powder. The retention times were used to identify the 22 ginsenosides, and an external calibration procedure was applied for quantification. Table VII shows the results obtained from four samples. Ginsenosides were found in all of the samples, and the contents of ginsenosides ranged from 44 mg/kg for Rc to 667 mg/kg for Rg 1 in ginseng root (Table VII) .
Conclusions
A sensitive, precise and effective heating-block method was developed for the reliable analysis of 22 ginsenosides in ginseng products. The benefits of u-HPLC analysis coupled with the heating-block method include reducing the volume of extraction solvent to approximately 1/5, while maintaining high resolution, effective separation and easy handling. Apparently, u-HPLC can offer significant improvements in speed, sensitivity and resolution compared with conventional HPLC, and this bodes well for future applications.
